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SAFAR Mission 
	
  

“System	
  of	
  Air	
  Quality,	
  Weather	
  Forecas(ng	
  &	
  Research” 
	
  

Opera(onal	
  Air	
  Quality	
  Forecas(ng	
  System	
  for	
  India	
  Metros	
  
Novel	
  program	
  of	
  Govt.	
  of	
  India	
  

	
  	
  

MISSION GOAL 

Development	
  of	
  early	
  warning	
  system	
  for	
  Air	
  Quality,	
  Weather	
  &	
  
UV	
  related	
  informa(on,	
  its	
  	
  up	
  to	
  3	
  day	
  advance	
  forecast	
  	
  and	
  

associated	
  advisories	
  	
  for	
  the	
  benefit	
  of	
  society. 
 

CITIES DONE 2010-2015 

	
  	
  	
  	
  	
  	
  	
  	
  	
  DELHI	
  (2010),	
  PUNE	
  (2013),	
  MUMBAI	
  (2015)	
  
	
  

CITIES TO BE DONE 2015-2017 

AHMEDABAD,	
  CHENNAI,	
  KOLKATA	
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DELHI	
  

PUNE	
  MUMBAI	
  



Accounting sources of pollution 

Translate Data in to Information 

SAFAR- SYSTEM COMPONENTS 

Air Quality & Weather Monitoring 

Air Quality & Weather Forecasting 

OBSERVATIONAL NETWORK EMISSION INVENTORIES 

FORECASTING MODEL COMMUNICATION MEDIA 



 
 
 

Monitor Air Quality & Weather Parameters at strategically 
selected locations 

 

PM10, PM2.5, PM1, O3, CO, NOx, CH4, VOCs, SO2, BC, Hg, Rainfall, 
Temperature, Humidity, Wind speed, Wind direction, UV Radiation 

 
  

        
Accounting sources of pollution 

 

Identify air pollution hot spots over city, crucial input for 
forecasting model 

Develop capacity to predict air quality 1 to 3 days in 
advance 

 
Convert science in to Information  

 Developed concept of Air Quality Index (AQI) and UV Index (UVI) 
 

OUTREACH	
  

FORECASTING	
  MODEL	
  

EMISSION	
  INVENTORIES	
  

OBSERVATIONAL	
  NETWORK	
  

SAFAR-­‐India:	
  FOUR	
  CORE	
  COMPONENTS	
  



MUMBAI	
  

 
 

TEMPERATURE
,  

 

HUMIDITY,  
 

WIND SPEED,  
 

WIND 
DIRECTION, 

 

SOLAR 
RADIATION, 

 

 RAINFALL 
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SAFAR	
  SYSTEM	
  DEVELOPMET	
  FOR	
  	
  METROPOLITAN	
  REGIONS	
  
	
  
• DIFFERENT	
  METEOROLOGICAL	
  CONDITIONS	
  
	
  
• DIFFERENT	
  TOPOGRAPHY	
  
	
  
• DIFFERENT	
  SOCIOECONOIC	
  STATUS	
  	
  
	
  
• VARIOUS	
  MICROENVIRONMENTS	
  
	
  
• DIFFERENT	
  EMISSION	
  SOURCES	
  
	
  









PUNE	
  

AI	
  R	
  QUALITY	
  (PM2.5):	
  	
  DELHI	
  v/s	
  PUNE	
  

DELHI	
  



A CRITICAL AUDIT PROTOCOL- 
QUALITY CONTROL AND QUALITY ASSURANCE  

It is an essential step performed by the scientist of IITM before 
releasing the air quality data to public 

u NON-SCIENTIFIC AUDIT: FULL SYSTEM BY EXTERNAL AGENCY -ISO  
u TECHNICAL AUDIT: INSTRUMENTAL HEALTH AND CUMMUNICATION 
u SCIENTIFIC QA & QC: OPERATIONAL SAFAR TEAM OF SCIENTISTS 
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BACKGROUND	
  

	
  
	
  
	
  
	
  

RESIDENTIAL	
  AREA	
  

	
  
	
  
	
  
	
  

INDUSTRIAL	
  AREA	
  

	
  
	
  
	
  

TRAFFIC	
  JUNCTION	
  

	
  
	
  
	
  
	
  

URBAN	
  COMPLEX	
  

	
  
	
  
	
  
	
  

AGRICULTURAL	
  
AREA	
  

	
  
	
  
	
  
	
  

AIRPORT	
  SITE	
  

	
  
	
  
	
  
	
  

SLUM	
  AREA	
  

Strategic Observational 
Network 

Air Quality Monitoring 
Weather Monitoring 

SITE	
  SELECTION:	
  IDENTIFY	
  MICRO	
  ENVIRONMENT	
  

	
  
	
  
	
  
	
  

ROAD	
  SIDE	
  



OBSERVATIONS:	
  Date	
  Quality	
  Control	
  &	
  Quality	
  Check	
  	
  

CO	
   O3	
   PM10	
  

PM2.5	
   VOC’s	
   NOx	
  

Other	
  Parameters	
  

Analyzers	
  

Per	
  second	
  data	
  

Applying	
  Quality	
  Code	
  



Quality	
  Assurance	
  &	
  Quality	
  Check	
  Con(nued……	
  	
  

Iden(fica(on	
  of	
  Problem	
  on	
  
(me	
  :	
  Assure	
  data	
  quality	
  	
  

Data loss is prevented and data quality is assured by instrument calibration , 
Review and Audit, Online monitoring and Data validation 



EMISSION INVENTORY DEVELOPMENT 
Identification of sources, generating unavailable data involves extensive field 

survey 

EMISSION	
  INVENTORY	
  Mega	
  Campaign	
  
Efforts	
  of	
  more	
  than	
  200	
  students	
  –	
  	
  to	
  collect	
  unique	
  region	
  specific	
  dataset	
  

• Vehicle Density count on 
roads 

• Fuel type used, VKT 
• Road length 

• % of paved and unpaved 
roads 

• Type of industries 
• Fuel type used 

• Fuel consumption 
• NO. of industries  

• Fuel consumption pattern 
• Total consumption of fuel 

• Hour of cooking 
• No. of slum pockets 

• Fuel consumption 
pattern 

• Total consumption of fuel 
• Hour of cooking 
• No. of Hotels & 

Restaurants 

TRANSPORT SECTOR INDUSTRIAL SECTOR SLUM SECTOR RESIDENCIAL & 
COMERCIAL SECTOR 



Real	
  data	
  :	
  Need	
  has	
  been	
  fulfilled	
  



Real	
  data	
  :	
  Need	
  has	
  been	
  fulfilled	
  





Quan(fy	
  the	
  contribu(on	
  of	
  
various	
  

	
  

	
  Emission	
  sources	
  
	
  (transport,	
  industries,	
  energy	
  

and	
  bio-­‐fuel)	
  
	
  in	
  deteriora:ng	
  air	
  quality	
  and	
  

climate.	
  	
  
Work	
  towards	
  unified	
  country	
  

specific	
  chemical-­‐climate	
  
predic:on	
  system	
  through	
  

observa:ons	
  
and	
  modeling	
  capabili:es.	
  	
  

	
  	
  



Coupled	
  Regional-­‐Urban-­‐line	
  source	
  
modelling	
  system	
  

WRF-­‐
CHEM	
  
3D	
  	
  weather	
  and	
  

Chemical	
  transport	
  
model	
  

	
  
	
  
	
  

Regional	
  Emissions	
  	
  
Biogenic	
  (MEGAN)	
  
and	
  Anthropogenic	
  

(PREP_EMIS)	
  

IC’s	
  and	
  BC’s	
  
(Chemical)	
  

MOZART	
  

IC’s	
  and	
  BC’s	
  (Met)	
  

NCEP	
  GFS/	
  ECMWF	
  
AERMOD	
  

(Urban)	
  
	
  
	
  
	
  

Local	
  emissions	
  	
  

Area	
  and	
  point	
  sources	
  

Meteorology	
  

WS,WD,T,	
  P,	
  PBL	
  etc	
  

Line	
  emissions	
  	
  

Line	
  sources	
  (Traffic)	
  

CAR-­‐FMI	
  
(Line	
  source)	
  

	
  
	
  

Predicted	
  
concentra:ons	
  

O3,	
  NOx,	
  PM10,	
  
PM2.5	
  	
  

CTotal	
  =	
  CRegional	
  +	
  CUrban	
  +	
  CRoad	
  



	
  	
  	
  	
  	
  	
  IMPROVE	
  FORECASTING	
  SKILLS	
  	
  

Domain	
  1	
  

Domain	
  2	
  

Domain	
  3	
  

Coarse	
  Domain	
  

Mumbai	
  
Domain	
  4	
  

Meteorology	
   FEEDBACK	
   Aerosol	
  

Fine	
  Domain	
  

Fastest	
  super	
  
computer	
  in	
  Pune	
  



SAFAR-­‐	
  Delhi	
  FORECAST	
  	
  Model:	
   Domain 4 

Domain 2 Domain 3 

Delhi-NCR 

Domain 1 

45 km 15 km 5 km 

1.67 km 



Boundary	
  Condi:ons	
  	
  
CHEMISTRY	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  &	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  METEOROLOGY	
  

	
  	
  
http://www.nco.ncep.noaa.gov/pmb/products/gfs/  
 
Run Stars at 12:12 PM, Runtime:21Hrs, Final Output: 10:00 AM  

#!/bin/bash   
LINK=$(wget "http://ows-server.iek.fz-juelich.de/MACC_fnyp_fc-3hourly_ModelLevel?
service=WCS&Request=getcoverage&version=1.1.2&BoundingBox=40,-10,130,60,urn:ogc
:def:crs:OGC:2:84&format=application/x-netcdf&store=true&identifier=MACC_20130301" -
O - | grep "xlink:href="| cut -f 2 -d\")  
wget ${LINK} 



Awareness	
  

Sharing	
  Knowledge	
  with	
  
Ci1zens	
  /Students,….	
  



 
Health  

Warnings 
of emergency  

conditions 

 

Air quality acceptable for general public;  
however, for some pollutants there may be a moderate  

health concern for a very small number of people. Unusually  
sensitive people should consider limiting prolonged outdoor stays. 

Air quality good. Satisfactory and acceptable for general public. 
 Air pollution poses little or now risk. No cautionary actions are prescribed to the general public. 

Triggers health alert,  
everyone may experience  

more or serious health effects. 
Unhealthy for sensitive groups. Members  

of  sensitive  groups may  experience health  
effects.  Children  and  adults  who  are  active  

outdoors and people with respiratory disease are  
at greater risk. for most of the public where everyone  

may begin to experience some level of discomfort. 

Portion of Population affected 

401-500 

301-400 

201-300 

101-200 

0-100 

AQI             Health Advisories 

GOOD+SATF. 

MODERATE 

POOR 

VERY POOR 

SEVERE 

420 

252 

210 

90 

60 

PM2.5 

Air Quality Index (AQI) is a rating scale used for reporting the 
quality of air we breathe in and the associated health effects  AQI?	
  



Communicate to Public :  
Your MOOD        Stress Level 

PO
O
R	
  

M
O
DERATE	
  

VERY	
  PO
O
R	
  

G
O
O
D	
  

CRITICAL	
  

Convert science in to common language – Numbers, Colours, Cartoons  
Issue advisories based on data 

HOW?	
  

COMMUNICATION MEDIA 

WEB-PORTAL 
safar.tropmet.res.in 

TOLL FREE NO. 
1800 180 1717 

LED SYSTEM 
Digital Display Boards 

MOBILE APP 
SAFAR-AIR 

KNOW AIR QUALITY & WEATHER IN YOUR CITY  

E-Mail:  ALERT FOR EXTREME AIR POLLUTION AND WEATHER CONDITION 



“Mobile App” Released on 17th Feb 2015 (14000 downloads so far)  

SAFAR-Air 



28-­‐Dec-­‐2014	
   29-­‐Dec-­‐2014	
   30-­‐Dec-­‐2014	
   31-­‐Dec-­‐2014	
  





Metropolitan Air Quality and Weather Forecasting Service 
SAFAR-Master Control Center, IITM, Pune 

LIVE  
STREAMING MASTER FTP  

SERVER 

SAFAR WEB  
SERVER AQMS SERVER 

Quality Control  
Desk 

SAFAR DISPLAY 
SERVER 

AIR on Web / Animated Show 

SAFAR	
  
Puneri-­‐AIR	
  
NETWORK	
  



ONE	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SHOP	
  

Forecast-­‐	
  Real	
  Data	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Compare	
  	
  

Historical	
  Data	
  

Air	
  Quality	
  Tomorrow	
   Dynamic	
  Web	
  portal	
  AQI	
  &	
  UVI	
   Weather	
  Tomorrow	
  

Emission	
  Scenario	
  

Current	
  status	
  of	
  DDS	
  

Current	
  status	
  of	
  AQMS	
  	
  
&	
  AWS	
  

Alerts	
  

Satellite	
  Data	
  

AQMS	
  and	
  AWS	
  Network	
  

hqp://safar.tropmet.res.in/cityname	
  
hqp://envis.tropmet.res.in	
  

•  Numerical	
  Data	
  Base	
  
•  Non-­‐	
  numerical	
  Data	
  Base	
  
•  Descrip(ve	
  informa(on	
  
	
  

•  Air	
  Quality	
  Online	
  
•  GIS-­‐Based	
  visualiza1on	
  
•  AQ	
  Extreme	
  Events	
  
•  Bibliography	
  

Atmospheric	
  Pollu(on	
  &	
  Climate	
  Change	
  

SAFAR-­‐Pune	
  Implemented	
  on	
  	
  
1st	
  May	
  2013	
  


